Introduction
Natural swimmers have evolved to beautifully utilize physical principles from unsteady hydrodynamics to achieve high maneuverability and efficiency. Man-made unmanned underwater vehicles (UUVs), on the other hand, have been conceived and operated for decades to either remain safely within the realm of steady hydrodynamicswhere the design of vehicle body, actuation mechanisms, and control system is simpler to understand and implement -or to avoid the issue altogether by using a number of thrusters to push an arbitrarily-shaped body through the water. This has often resulted in efficient cruising, but not in efficient maneuvering [1] .
A number of numerical investigations about the dynamics of the biorobotic UUV. Mukund Narasimhan and Sahjendra N. Singh [2, 3] provided the open-loop control and feedback linearizing yaw plane control of a multifin biorobotic rigid underwater vehicle. WANG Zhao-li et al. [4] provided the Hydrodynamic analysis of the pectoral-fins in viscous flows, and LAO Yi-jia et al. [5] and LIU Zhen et al. [6] gives some experimental results of oscillating flexible caudal fin. Haibin Xie et al. [7] and Shao-bo Yang et al. [8] studied dynamic and kinematics of the robotic fish.
This paper presents an innovative propulsion system approach for a new vehicle, resulting in efficient maneuvering through the exploitation of unsteady hydrodynamics. The vehicle swims by coordinating the motion of four biology-inspired high-lift flapping hydrofoils that are attached to its rigid hull. Because of this connection to biology, this vehicle has been named biorobotic UUV. Section 2 introduces the dimensional motion model of biorobotic UUV. Section 3 presents the model for fluid dynamics of flapping hydrofoil. Section 4 provides the simulation results of the motion of the biorobotic UUV which is propelled and controlled by four flapping hydrofoils. Finally, section 5 draws conclusions.
Dimensional motion model of biorobotic UUV
A earth-fixed frame (1) and (2) [2, [9] [10] . And a detailed explanation of this can be found in the literature [9] and [10] . 
The right hand term in Eq. (1) is the vector of external forces and moments, such as weight, buoyant, fluid dynamics which produced by the motion of UUV, and disturbed force which produced by the environment. In this paper, we suppose that the Biorobotic UUV motions in the enough deep, enough big and enough quiescent water, so the disturbed force which produced by the environment is ignorable. And the fluid dynamics which produced by the motion of UUV can be described by the mass forces and drag forces of the main body and the fluid dynamics of the flapping hydrofoil [11] . The mass forces and drag forces of the main body can be computed by the model which is detailed described in the literature [1] and [10] . And the model of the fluid dynamics of the flapping hydrofoil is built in the next section.
Fluid dynamics of flapping hydrofoil
According to Green theorem, the perturbation velocity potential   
where, Q n is unit normal vector on the flapping hydrofoil surface, t Q is the point on the wake surface and superscripts + and -are used respectively to mark the values of upper and lower sides of wake.
Thus the integral Eq. (3) can be written as [11] : (8) where  is the potential jump across the wake surface, which can be expressed by:
For the unsteady problem, the velocity potential Φ(t) changes with the time. And combining the Kutta pressure condition: 
Simulation
For demonstration of the model of biorobotic UUV dimensional motion and the model for fluid dynamics of flapping hydrofoil, a numerical example of the motion of the biorobotic UUV is presented. The biorobotic UUV has a compressed body propelled and controlled by four flapping hydrofoils. The four flapping hydrofoils' collocation on the UUV is shown in Fig. 2 . And the biorobotic UUV which was simulated in this paper has specifications of 10.0 m length, 3200 kg weight, 1.5 m wide.
Each flapping hydrofoil is assumed to undergo a flapping motion described as [14] : (Figs. 6 and 7) . The simulation results indicate that the biorobotic UUV can steadily complete the motion of change depth through using the two frontal flapping hydrofoils or using all four flapping hydrofoils. The biorobotic UUV can change depth form 10 to 20 m in 300 s through using the two frontal flapping hydrofoils and in 170 s through using all four flapping hydrofoils, so the biorobotic UUV has excellent maneuverability at low velocity, and especially the biorobotic UUV can expedite change depth through all four lapping hydrofoils.
Conclusions
The model of biorobotic UUV dimensional motion and the model for fluid dynamics of flapping hydrofoil were presented in this paper for analyzing the dynamics of biorobotic UUV. The simulation results show that: 1) the biorobotic UUV can steadily complete the motion of change depth through using the two frontal flapping hydrofoils or using all four flapping hydrofoils, 2) the biorobotic UUV has excellent maneuverability at low velocity.
